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(54) Multichannel transceiver of digital signals over power lines 



(57) A data transceiving station of digital data 
frames comprising a digital modem (MODEM) coupled 
to a transmission line, a microprocessor (p.P) receiving 
demodulated data from said modem according to a 
Packet Mode or a Bit Mode transmission through an in- 



terface circuit (SERIAL JNTERFACE) that switches 
from a Packet Mode to a Bit Mode transmission and/or 
viceversa during transfer of a data frame to said micro- 
processor conjugating the superior speed of a Packet 
Mode transfer with the unlimited compatibility of a Bit 
Mode transfer. 
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Description 

FIELD OF THE INVENTION 

[0001 ] The present invention relates to data transmis- 
sion systems and in particular to digital signal transceiv- 
ers for home applications specially though not exclu- 
sively coupled to an electric power distribution line. 

BACKGROUND OF THE INVENTION 

[0002] Electric power distribution networks are wide- 
spread and capillary. Its preminent utility is for transport 
and distribution of electric energy, but the possibility of 
exploiting it also as a medium for data transmission is 
well known. 

[0003] Electrical mains can be advantageously used 
to establish communication with far away locations ex- 
ploiting the fact that after even remote rural users are 
reached by an electric power line and it is possible to 
avoid to cost of the dedicated line (e.g. a telephone line) 
for telecommunications. 

[0004] Data transmission on electric mains is possible 
AC power is distributed with a well determined frequen- 
cy. Signal modulation techniques permit to transmit in- 
formation on or about a certain carrier frequency that 
may advantageously be in a frequency band not occu- 
pied by other signals. In such a way it is possible to 
transmit on a same line several signals, each occupying 
a different frequency band; having the receiver the pos- 
sibility to select the desired signal only by turning on the 
relative carrier frequency. 

[0005] Data transmission on power lines may be a 
particularly efficient technique for controlling machines 
installed in a remote location, without being forced to 
install a dedicated telecommunication line. 
[0006] Because of the advantages provided by such 
a data transmission technique, transceivers for coupling 
to power lines have an increasing importance . 
[0007] A telecommunication station coupled to power 
lines generally includes a microprocessor interfaced 
with a transceiver coupled to the power line. 
[0008] Power line transceivers are well known and 
commercially available. Examples of effective trans- 
ceivers are described in US Patent No. 4,714,912 and 
US Patent No. 5,842,032. 

[0009] Generally, known transceivers are not directly 
interfaceable with a microprocessor, moreover the re- 
quire dedicated interface device for coupling with the 
mains in order to meet the requisites of the communi- 
cation standards on the electric network, establishing 
access criterions, forbidden frequency bands reserved 
to electricity producers and frequency bands reserved 
for home applications ("domotics"). 
[0010] It would be desirable to have a fully integrated 
transceiver allowing the realization of a telecommunica- 
tion station with the above mentioned characteristics, 
capable of supporting the remote managing of electric 
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loads connected to the power mains. 
[0011] Often the conditions for using of such a tele- 
communication system on electric power lines are those 
of communicating with people at their homes, such as 
5 in applications generally referred as home applications 
or with the neologism "domotics". 
[0012] In these application areas, the cost of appara- 
tuses has a great importance. 
[0013] Usually a digital data transceiving station, spe- 
'O cifically destined to use a multichannel transceiver cou- 
pled through an appropriate interface to an electric pow- 
er distribution network or else, generally comprises a 
modem interfaced with a microprocessor by way of a 
specific communication circuit between modem and mi- 
tt croprocessor, commonly called "serial interface". 

[0014] In known systems, the possible choices are ei- 
ther to establish a Bit Mode or a Packet Mode commu- 
nication between modem and microprocessor, through 
the serial interface. 
20 [0015] In fact, binary serial transmission between a 
modem and a microprocessor can be made in two dif- 
ferent ways: 

• Bit Mode: each time the modem has a demodulat- 
es ed bit, transmits it to the microprocessor; 

• Packet Mode: the modem stores a pre-established 
number of bits constituting a packet of bits that 
eventually is transmitted to the microprocessor. 

30 

[001 6] Bit Mode communication between modem and 
microprocessor does not introduce any data format, be- 
cause bits are transmitted immediately after the modem 
has decoded them. It is easy to understand that the Bit 

35 Mode has the advantage of being usable irrespectively 
of any particular data format, but its drawback is that the 
rate of communication between modem and microproc- 
essor is limited to that of the communication channel. 
[0017] By contrast, in Packet Mode communication 

40 the rate of communication between modem and micro- 
processor can be greater than the channel's one, but it 
is not independent of the particular data format. 
[001 8] Bit Mode communication ensures compatibility 
of the system irrespectively of the data format used, but 

45 this solution impose the use of a microprocessor having 
adequate computing capacities, because it must elabo- 
rate the bitstream received by the serial interface to in- 
terpret its information content. 

[0019] The technical alternative of establishing a 
so Packet Mode communication between the modem and 
the microprocessor Is advantageous because it ensures 
a faster communication and allows the use of a relatively 
low cost microprocessor for the same global perform- 
ances of the station, but is usable only by operating with 
55 a certain predefined data format. 

[0020] For example, if the protocol format the data in 
frames transmitted with a preamble followed by a head- 
er and by a data field alternated with synchronism sig- 
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nals, formatting the preamble into packets would de- 
stroy its information content. If data were formatted in M 
bit words and the Packet Mode transmission constitutes 
packets of N bits, the microprocessor would be forced 
to process the received data in order to extract the orig- 
inal M bit words, thus wasting the benefits of the greater 
communication speed that may be achieved with a 
Packet Mode transmission. 

[0021] Therefore, there is a clear need and/or utility 
of having a digital data transceiver wherein communi- 
cation between modem and microprocessor through the 
serial interface may switch from a Bit Mode to a Packet 
Mode and viceversa during the time slot in which a sin- 
gle data frame is transmitted, without any loss of data. 

OBJECT AND SUMMARY OF THE INVENTION 

[0022] It has been found and is the object of the 
present invention a digital data transceiving station con- 
jugating in an optimal manner the advantages of a Pack- 
et Mode transmission with the advantages of a Bit Mode 
transmission, thus providing enhanced speed perform- 
ances even using a relatively low cost microprocessor. 
[0023] The transceiving station of the invention is 
characterized in that during the transmission of each 
single data frame between modem and microprocessor 
and viceversa, the serial interface switchs from a Packet 
Mode to a Bit Mode communication without losing data. 
[0024] According to a preferred embodiment of the in- 
vention, the data transceiver of the invention is directly 
connectable to coupling circuit to a line of a power dis- 
tribution network by means of an integrated interface cir- 
cuit and the modem produce an information of detection, 
in a selected transmission band, of a signal energy level 
greater than a pre-established threshold level. 
[0025] Preferably, the integrated data transceiver of 
the invention also comprises a circuit that detects the 
zero crosses of the power network voltage, producing a 
logic signal that is input to the modem. 
[0026] According to another aspect of the invention, 
the station is based on the use of a monolithicalfy inte- 
grated multichannel transceiver of digital data on a line 
of a power distribution network, comprising a modem 
having a register for data storage and means for con- 
trolling th eir integrity and signalling any the eventual cor- 
ruption of at least one bit, a serial interface for commu- 
nicating with an external microprocessor, an oscillator 
generating carrier frequencies that are fed to the mo- 
dem, a power line interface circuit coupled to the mo- 
dem, driving an external circuit of coupling with the pow- 
er line and a circuit detecting the zero-crosses of the 
network voltage and producing a logic signal that is fed 
to an input of the modem. 

[0027] According to the present invention, the data 
transmission section of the serial interface of the trans- 
ceiver includes a buffer and logic circuit that processes 
the demodulated bitstream coming from the modem. 
The logic circuit is enabled by an enabling signal and 



functions with a clock of a frequency multiple of the de- 
modulated bitstream frequency, the enabling signal and 
the multiple dock signal are both generated by control 
logic circuit of the serial interface, in function of a com- 

s mand issued by an external microprocessor. 

[0028] A multiplexer receives on a first input the non- 
formatted bitstream output by the modem and on a sec- 
ond input a packet reorganized data flow produced by 
the processing circuit. 

w [0029] The same enabling signal of the processing 
circuit operates also the selection by the multiplexer, 
outputting towards the external microprocessor a bit- 
stream (Bit Mode) as decoded by the modem or a flow 
of data organized in packets (Packet Mode) from the 

is processing circuit. 

BRIEF DESCRIPTION OF DRAWINGS 

[0030] The different aspects and advantages of the 
20 invention will be evidenced in the following description 
of embodiments of the invention and by referring to the 
attached drawings, wherein: 

Figure 1 is a general diagram of the integrated 
25 transceiver of the invention; 

Figure 2 is a more detailed diagram of certain 
blocks of the general diagram of Fig. 1 , according 
to an embodiment of the invention; 

30 

Figure 3 is a block diagram of the serial interface 
of the integrated transceiver of the invention; 

Figure 4a is the circuit diagram embodiment of the 
35 transmitting section of the serial interface of the 
transceiver of the invention; 

Figure 4b is a diagram of important signals of the 
transmitting section of the serial interface of Fig. 4a; 

40 

Figure 5a depicts a transceiving station coupled to 
a power distribution line; 

Figure 5b depicts a possible circuit for coupling the 
« transceiver of the invention to a power network line. 

DESCRIPTION OF EMBODIMENTS OF THE 
INVENTION 

so [0031] The integrated transceiver of the invention is 
depicted schematically in Fig. 1 . IT is constituted by a 
digital modem MODEM, for example a Frequency Shift 
Keying (FSK) modem, a serial interface circuit 
SERIALJNTERFACE of communication of the modem 

55 with the external world, an oscillator OSCILLATOR pro- 
viding carrier frequencies to the modem, a power inter- 
face PLI for driving an external coupling circuit to a line 
of the electric power distribution network and a zero- 
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cross detector ZC of the network voltage. 
[0032] Optionally, a monolithtcally integrated voltage 
regulator VREG is also present for powering other ICs 
that may be present in the transceiving station. 
[0033] During a receiving phase, the signal derived 
from the power network line is received on the pin RAI, 
demodulated and made available on the pin 
DATA_OUT. Optionally, the transceiver may produce on 
the pin CLR/T a clock signal of bit synchronism. 
[0034] The integrated transceiver provides on the pin 
BU information about the detection of an energy level 
greater than a fixed threshold, e.g. 80dBuV, in a select- 
ed frequency band. Such information allows the use of 
the communication channel on an electric power line in 
the frequency band reserved to home applications. Ac- 
cording to the CENELEC EN 50065-1 rules, defining the 
European criteria for the access to such a telecommu- 
nication medium, it is forbidden to transmit in the fre- 
quency band reserved to home applications if on the 
channel there is a signal stronger than 80dBu.V. By hav- 
ing the modem implementing this energy detection func- 
tion in a selected band, realization of dedicated external 
circuitry for filtering and amplitude monitoring is avoid- 
ed. 

[0035] Another peculiarity of the integrated circuit of 
the invention is the fact that it integrates a circuit, ZC, 
that detects the zero-crosses of the network voltage by 
comparing a replica signal of the network voltage fed to 
the pin ZCIN. The zero-cross information is produced 
on the pin ZCOUT and besides making it available to 
the external world (microprocessor) it is input to the mo- 
dem for synchronizing the transmission with the zero- 
crosses of the network voltage. 
[0036] In this way, appliances connected to the elec- 
tric power network, besides receiving command data 
sent by the transceiver, receive also the information of 
the instant in which the network voltage is zero. Such 
information is useful to drive certain electric loads know- 
ing the instant in which the network voltage is zero may 
be usefully exploited for determining the turn-on and 
turn-off instants of loads, thus avoiding voltage peaks 
on power switches. When there is not need to synchro- 
nize the transmission with the zero-crosses of the net- 
work voltage, the transceiver may be programmed to ig- 
nore the relative signal on the ZCOUT mode. 
[0037] A preferred embodiment of the integrated 
transceiver of the invention is depicted in Fig. 2, wherein 
different blocks constituting the modem, which in the ex- 
ample of embodiment is of FSK kind, are highlighted. 
[0038] The signal present on the pin RAI is demodu- 
lated by means of a receiver, for example a superetero- 
dine receiver, in the embodiment depicted in the figure 
and the demodulated signal is fed to a 
CLOCK_RECOVERY block. 

[0039] The signal present on the pin RAI, is filtered 
and made available, after the Band Pass Filter, on the 
pin RxFo providing a measure of the power of the signal 
in the selected band.The pin CD/PD of the transceiver 



of the invention has two functions. Through this pin the 
presence of a carrier in the selected channel (Carrier 
Detection), can be signalled independently of the ampli- 
tude of the carrier, for communicating the possibility that 

s a message could be arriving. The detection threshold is 
determined by the modem sensibility at the input pin 
RAI. The other function is to communicate that a bit- 
stream is being received with the selected bitrate (Pre- 
amble Detection). 

w [0040] Upon recovering the clock signal, the block 
FSKDEMODULATOR provides the demodulated sig- 
nal to the SERIALJNTERFACE, block which outputs it 
on the pin DATAJDUT. 

[0041] The SERIAL INTERFACE block conveys data 

is from the FSK_DEMODULATOR to the outside world 
and from the outside world to the FSK MODULATOR, 
under control of a signal TX/RX specifying which one of 
the two operations must be carried out. 
[0042] Moreover, the transceiver is provided with a 

20 control register CONTROL_REGISTER where the pa- 
rameters necessary to the transceiving, which define 
the modem configuration are stored. 
[0043] Because of the high electromagnetic noise that 
is normally present on the power line, the content of the 

25 CONTROL_REG I STE R is continuously monitored to 
ensure a reliable security margin on the integrity of the 
data stored in it. In case of corruption of the stored data, 
an alarm signal is produced on the pin, REG OK. 
[0044] Moreover, the CONTROL_REGISTER is pro- 

30 vided with a pin, TIMEOUT, support the use of protocols 
that contemplate the interruption of the transmission at 
pre-established time intervals, as measured by the 
block TIMER. 

[0045] The CONTROL_REGISTER can be externally 
35 programmed by way of the control signal, REG_DATA. 
Such a signal communicates to the 
SERIALJNTERFACE whether the signal DATAJN, 
coming from outside is a datum to store in the 
CONTROL_REG I STE R or is a datum to be fed to the 
40 FSK_MODULATOR. By programming the 
CONTROL_REGISTER it is possible to make the infor- 
mation on Preamble Detection available on the pin CD/ 
PD. 

[0046] The signal produced by the 
« FSK MODULATOR is filtered by a programmable band 
pass filter, FILTER, which reduces all undesired har- 
monic components in order to reduce the electromag- 
netic noise. The filtered signal is input to the power in- 
terface PLI by way of an amplitude control stage ALC. 
50 [0047] Regulation of the voltage level and of the cur- 
rent level of the transmitted signal is performed by the 
relative blocks of current mode control 
CURRENT_CONTROL and of voltage mode control 
VOLTAG E_CON TRO L , in function of the signals repre- 
ss sentative of the current, CL, and of the voltage, 
VSENSE. 

[0048] The transmission carrier frequencies are de- 
rived from the oscillation of an external quartz, coupled 
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to the pins XTAL1 and XTAL2, kept in resonance by an 
excitation circuit integrated in the device. Preferably, the 
excitation circuit includes a MOS stage operating below 
its threshold level, such to limit absorption. From the os- 
cillator is derived a clock signal that is made available 
on the pin MCLK in order to drive an external microproc- 
essor for optionally avoiding use of other resonators. 
[0049] Preferably, the transceiver has a pin WD ded- 
icated to the supervision of the transmission. In order to 
preserve the communication channel, the transceiver 
monitors the signal present on the pin WD: if during a 
pre-established time interval, as measured by the block 
TIMER, no transition has been observed, the control 
register interprets this fact as a failure and communi- 
cates to the external world an alarm by way of the signal 
RSTO. 

[0050] The signal RSTO can be conveniently used 
even to signal the presence of a voltage level, as pro- 
duced by the regulator VREG, insufficient to make the 
transceiver station operate correctly. To this effect, the 
voltage regulator VREG is provided with a pin PG, on 
which the information of the presence of an output volt- 
age of the regulator VREG greater than a minimum pre- 
established value, for example 4,5V, is provided. 
[0051] In Fig. 2 are indicated the supply pins for the 
digital and analogic sections: DVdd, DVss, AVdd, AVss 
and the supply pin of the power interface PAVcc. The 
pin TEST, is used for functionality, testing of the integrat- 
ed device. 

[0052] A diagram of the SERIALJNTERFACE block 
is depicted in Fig. 3. It comprises a receiving section, 
RX.SECTION, a transmitting section, TX_SECTION, 
and a SERIAL_INTERFACE_CONTROL_UNIT. The 
line SIGNAL_GROUND provides the reference voltage 
for data reading. 

[0053] The receiving section, RX_SECTION, re- 
ceives a data signal DATAJN and produces an output 
signal, DATA_SEND, that is fed either to the 
FS K_MO DU LATO R block or to the 
CONTROL_REGISTER, depending on the control sig- 
nal REG_DATA. 

[0054] The TX_SECTION comprises a logic process- 
ing circuit BUFFER_CONTROL_UNIT employing a 
work memory, BUFFER, and an output MULTIPLEXER. 
[0055] The BUFFER_CONTROL_UNIT receives the 
bitstream, RECOVERED_DATA, output by the demod- 
ulator at a certain clock frequency, 
RECOVERED_CLOCK, and uses a clock signal 
BURST_CLOCK of frequency generally multiple of the 
frequency of the clock of the received bitstream, in order 
to perform data organization in packets, according to a 
certain format. 

[0056] When enabled by the enabling signal, 
BURST_ENABLE, the logic processing circuit, 
BUFFER_CONTROL_UNIT, reads the data stored in 
the work memory, BUFFER, at the scanning frequency 
of the BURST_CLOCK and produces on an input of the 
MULTIPLEXER a data stream BC, organized according 



to a Packet Mode format. 

[0057] The input bitstream, RECOVERED_DATA, be- 
sides to the logic processing circuit, is also fed to a sec- 
ond input of the MULTIPLEXER. 

5 [0058] The SERIAL_INTERFACE_CONTROL_UNIT 
besides activating alternately the receiving section 
RX_SECTION, and the transmitting section, 
TX_SECTION, depending on an external command TX/ 
RX, produces the signal BURST.ENABLE and the 

10 clock signal BURST_CLOCK with a frequency multiple 
of the clock frequency of the bitstream, that is used by 
the BUFFER_CO(MTROL_UNIT and by the MULTI- 
PLEXER to operate the mode selection. 
[0059] Optionally, even a clock signal (CLR/T) relative 

15 to the selection of a data flow in Bit Mode or in Packet 
Mode can be output. In this case, the logic processing 
circuit, BUFFER_CONTROL_UNIT, feeds to other in- 
puts of the MULTIPLEXER a third clock signal A, con- 
stituted by sequences of a pre-established number of 

20 pulses of the BURST_CLOCK, periodically generated 
at pre-established intervals, and the clock of the input 
bitstream, RECOVERED_CLOCK. 
[0060] The BURST_ ENABLE signal enables or disa- 
bles the logic processing circuit 

25 BUFFER_CONTROL_UNITand select, by means of the 
MULTIPLEXER, the output data stream DATA_OUT, 
corresponding to the input bitstream (Bit Mode) 
RECOVER ED_DATA and optionally also the relative 
clock RECOVERED_CLOCK on the CLR/T output, or 

30 to the BC stream of data organized in packets (Packet 
Mode) by the BUFFER_CONTROL_UNIT and optional- 
ly also the relative clock signal A on the CLR/T output. 
[0061] An effective embodiment of the transmitting 
section, TX_SECTION, of the serial interface is depicted 

35 in Fig. 4a. 

[0062] The circuit is composed of a pair of shift regis- 
ters: SHIFT_REGISTER_I and SHIFT_REGISTER_2, 
having capacity equal to a bit length N of a packet. The 
two registers are paralleled, fed with the 

40 R EC O V E R E D_DATA bitstream and their outputs are 
coupled to respective inputs of the multiplexer MUX3. 
The two registers store and unload the bits constituting 
a packet. 

[0063] Datastorage is performed at a frequency equal 
« to the bitstream frequency, RECOVERED_CLOCK, 
while the data unloading is performed at the multiplied 
frequency of the BURST_CLOCK. A switching signal T, 
produced by the logic block TOGGLE, prevents the two 
registers, SHIFT_REGISTER_1 and 

so SHIFT_REGISTER_2, from performing the same oper- 
ation at the same time, and ensures that the multiplexer 
MUX3 coupled to the outputs of the registers coordi- 
nate ly selects the output of the register that is unloading 
the stored datum. 
55 [0064] The signal T switches every N pulses of the 
RECOVERED_CLOCK, making the input multiplexers 
MUX1 and MUX2 feed the respective shift register, one 
in synchronism with the RECOVERED_CLOCK and the 
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other with a third clock signal A. 
[0065] The modulus N first counter, COUNTEFM, 
enabled by the BURST_ENABLE, outputs a first end- 
computation signal C1 every N pulses of the 
RECOVERED_CLOCK. The first end-computation sig- 
nal C1 makes the signal T switch and enables the mod- 
ulus N counter, COUNTER_2, that produces a second 
end-computation signal C2, activated at the instant the 
counter is enabled for as long as N pulses of the 
BURST_CLOCK have been counted. Upon counting N 
pulses, COUNTER_2 disables the signal C2. 
[0066] The third dock signal A is produced by per- 
forming a logic AND of the second end-computation sig- 
nal C2 and of the BURST_CLOCK. Therefore the clock 
signal A corresponds to the period of sequences of N 
pulses of the BURST_CLOCK repeating at each activa- 
tion of the first end-computation signal C1 . 
[0067] Therefore, the multiplexers MUX1 and MUX2 
are fed with a signal consisting of N pulses of the 
BURST_CLOCK at the instant in which one of the two 
registers is full. By means of the switching signal T, the 
N pulses are input to the register that has just reached 
the full state, thus unloading the packet constituted by 
the N bits stored in it. 

[0068] If it is contemplated to output also the clock sig- 
nal CLR/T with which bits are output as DATA_OUT, ac- 
cording to the selection operated between the Bit Mode 
and Packet Mode, it can be produced by means of a 
multiplexer MUX4 for outputting either the 
RECOVERED_CLOCK or the third clock signal A, de- 
pending on whether the signal BURST_ENABLE estab- 
lishes a Bit Mode or a Packet Mode transmission. 
[0069] An output multiplexer MUX5 outputs the bit- 
stream DATA_OUT in Packet Mode or in Bit Mode, ac- 
cording to the selection operated by the signal 
BURST_ENABLE. 

[0070] The described architecture is just one among 
many realizable ones according to the diagram of Fig. 
3. Other circuital solutions are possible, for example by 
using a RAM memory or a circular register instead of 
the pair of shift registers and by adapting the BUFFER 
CONTROLJJNIT such to produce the appropriate sig- 
nals to manage the particular type of storage means 
used. 

[0071] The above described SERIALJNTERFACE 
allows to switch between Bit Mode and Packet Mode 
data transmission to the microprocessor by just varying 
the BURST_ENABLE signal during transmission of a 
data frame. 

[0072] This ability allows the transmission of the mes- 
sage to be sent exploiting both the versatility of a Bit 
Mode transmission and the superior speed of a Packet 
Mode transmission, for example by transmitting a por- 
tion of the data frame in Bit Mode and the remaining por- 
tion in Packet Mode, and even alternating the two 
modes of transmission in whichever order causing any 
bit loss while switching from a transmission mode to the 
other. 



[0073] A timing diagram of the most important signals 
of the serial interface is depicted in Fig. 4b. 
[0074] Generally, a data frame FRAME of the stream 
DATA-OUT can be split into a PREAMBLE, a HEADER 

5 and in a payload portion containing the data bits DATA, 
interleaved by synchronism signals CRC. 
[0075] The signal TX/RX switches, so enabling the 
TX_SECTION of the SERIALJNTERFACE. Given that 
it is not possible to transmit the bits belonging to the 

10 PREAMBLE and/or to the HEADER in Packet Mode, be- 
cause the information carried is in their bit-rate, the 
BURSTJENABLE signal switches in order to transmit 
the PREAMBLE and the HEADER in Bit Mode and the 
data bits DATA in Packet Mode. 

is [0076] Such a switching from a transmission mode to 
the other is not the only possible switching scheme. It is 
possible to command any number of switchings from 
Packet Mode to Bit Mode and viceversa during the 
transmission of a single data frame FRAME. 

20 [0077] During transmission in Packet Mode, the clock 
signal CLR/T is idle in certain time intervals, allowing 
the reading of the signal DATA_OUT only when the 
above mentioned sequences of N pulses of the 
BURST_CLOCK are present. This is highlighted in the 

25 enlarged detail of Fig. 4b, wherein the DATA_OUT sig- 
nal is read only when the CLR/T clock is not idle, and 
as depicted byway of an example in correspondence of 
its rising edge. 

[0078] A sample scheme of a circuit of a transceiving 
30 station according to the present invention is depicted in 
Fig. 5a. 

[0079] Substantially, the transceiving station is real- 
ized with the transceiver of Fig. 2. 
[0080] Fundamentally, the receiving station compris- 
es es a digital modem coupled to a data transmission line 
that in the example shown in figure is a line of a power 
distribution network. A microprocessor uP receives the 
data demodulated by the modem in Packet Mode or in 
Bit Mode through the interface circuit 
<0 SERIALJNTERFACE that couples the modem to the 
microprocessor u,P. The SERIAL J NTER FACE changes 
the transmission mode to the microprocessor of the de- 
modulated data from a Packet Mode to a Bit Mode dur- 
ing the transmission of each single data frame, without 
45 any bit loss during the switching from a mode to the oth- 
er. 

[0081] A suitable circuit to couple the transceiver of 
the invention to the electric power line is depicted in Fig. 
5b. 

so [0082] The station may me made able to control elec- 
tric loads connected to the power line by using the fre- 
quency bands that are reserved for this function. The 
station monitors the presence in the selected band of 
an energy level greater than a certain pre-established 

55 maximum threshold and accesses to the transmission 
channel only if such a pre-established threshold may be 
equal to SOdBjiV, meeting the requirements of 
CENELEC EN 50065-1 rules that define the European 
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standard in accessing electric power lines for commu- 
nications relative to home applications. 
[0083] In order to improve the control of electric loads, 
avoiding undesired overvoltages on switches, the inte- 
grated transceiver of the invention includes a circuit, ZC, 
for detecting the zero-crosses of the network voltage. 



Claims 



10 

1 . A data transceiving station of digital data frames 
comprising a digital modem (MODEM) coupled to a 
transmission line, a microprocessor (u,P) receiving 
demodulated data from said modem according to a 
Packet Mode or a Bit Mode transmission, an inter- « 
face circuit (SERIALJNTERFACE) between said 
microprocessor (uP) and said digital modem (MO- 
DEM) characterized in that 

said interface circuit (SERIALJNTERFACE) 
switches from a Packet Mode to a Bit Mode trans- 20 
mission and/or viceversa during transfer of a data 
frame to said microprocessor. 

2. The data transceiving station of claim 1 , wherein 
said transmission line is a line of an electric power 25 
distribution network and said modem (MODEM) 
generates an information on the detection of an en- 
ergy level greater than a pre-established threshold 

in a frequency band selected for transmission over 
said line. 30 

3. The data transceiving station of claim 2, character- 
ized in that it comprises a circuit (ZC) detecting the 
zero-crosses of the network voltage and producing 

a logic signal (ZCOUT) that is also input to said mo- 35 
dem (MODEM). 

4. A monolithically integrated multichannel transceiv- 
er of digital frames over a line of an electric distri- 
bution power network, comprising a modem (MO- *o 
DEM) having a register for data storage 
(CONTROL_REGISTER) and means for controlling 
their integrity and signalling any eventual corruption 

of at least one bit, a serial interface 
(SERIALJNTERFACE), including a receiving sec- 45 
tion (RX_SECTION) and a transmitting section 
(TX_SECTION), coupling said modem to the exter- 
nal world, an oscillator (OSCILLATOR) generating 
carrier frequencies fed to said modem, a power in- 
terface circuit (PLI), coupled to said modem and so 
driving an external coupling circuit to said line, char- 
acterized in that it comprises 



said modem detecting the energy level in a cer- 
tain frequency band selected for transmission 
over said line, producing a logic signal on a ded- 
icated pin (BU) when said energy level surpass- 
es a pre-established threshold; 

said transmitting section (TX_SECTION) of the 
serial interface (SERIALJNTERFACE) com- 
prises a logic processing circuit 
(BUFFER_CONTROL_UNIT) and a work 
memory (BUFFER) for organizing a demodu- 
lated bitstream (RECOVERED J)ATA)coming 
from the modem in a stream (BC) of data struc- 
tured in packets, a multiplexer (MULTIPLEX- 
ER) receiving on a first input said demodulated 
bitstream (RECOVER ED_D ATA) and said 
stream of structured data (BC) and operating a 
selection between said two streams outputting 
(DATA_OUT) either a not structured Bit Mode 
bitstream or a Packet Mode data stream organ- 
ized in packets, in function of a selection signal 
(BURST_ENABLE) and a control unit 
(SERIALJNTERFACE.CONTROL UNIT) pro- 
ducing said selection signal 
(BURST_ENABLE) and a clock signal 
(RECOVERED JIJLOCK) of said input bit- 
stream (RECOVERE D_D ATA) . 

5. The transceiver of claim 4 wherein 

said logic circuit processing 
(BUFFER_CONTROL_UNIT) produces a third 
clock signal (A) constituted by sequences of N 
pulses of a second clock signal 
(BU RST_CLOCK) having frequency multiple of 
the frequency of said clock signal 
(RECOVERED J3LOCK) of the input bitstream 
at pre-established intervals; 

said multiplexer (MULTIPLEXER) receives 
said clock signal (RECOVERED_CLOCK) or 
the input bitstream (RECOVERED J3ATA) and 
said third clock signal (A), outputting a fourth 
clock signal (CLR/T) equal to said third clock 
signal (A) or to said first clock signal 
(RECOVERED J2LOCK) depending on wheth- 
er said selection signal (BU RST_ENABLE) se- 
lects said not structured bitstream 
(RECOVERED JDATA) or said data flow struc- 
tured in packets (BC). 

6. The transceiver of claim 4 wherein 



a circuit (ZC) detecting the zero-crosses of the 
network voltage and producing an output logic ss 
signal (ZCOUT) coupled to an input of said mo- 
dem (MODEM) and to a pin of the transceiver; 



said work memory (BUFFER) comprises 

a first register (SHIFT_REGISTER_1 ) and 
second register (SHIFT_REGISTER_2) fed 
with said demodulated datastream 
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(RECOVERED_DATA), and clocked with re- 
spective clock signals (Z1 , 72), and outputting 
a first data signal (S1) and a second data signal 
(S2), respectively; 

5 

said logic processing circuit 
(BUFFER_CONTROL_UNIT) comprises 

a first modulus N counter (C0UNTER_1) fed 
with said first clock signal to 
(RECOVERED_CL0CK) producing a first end- 
computation signal (CI) when N pulses have 
been counted, 

a second modulus N counter (COUNTER_2) is 
fed with said second clock signal 
(BURST_CLOCK) and enabled by said first 
end-computation signal (CI), producing a sec- 
ond end-computation signal (C2) that is ena- 
bled by said first end-computation signal (C1) 20 
and disabled when said second counter 
(COUNTER_2) counts N pulses of said second 
clock signal (BURST.CLOCK), 

a second multiplexer (MUX_1) and third multi- 25 
plexer (MUX_2) fed with said demodulated bit- 
stream (RECOVER ED_DATA) and with said 
third clock signal (A) producing respectively 
said clock signals (Zl, Z2) corresponding alter- 
nately to said third clock signal (A) and to said 30 
first clock signal (RECOVERED_CLOCK), de- 
pending on a switching signal (T),that toggles 
every N pulses of said first clock signal; 

a logic AND gate, combining said second clock 35 
signal (BURST_CLOCK) and said second end- 
computation signal (C2), producing said third 
clock signal (A) as periodic sequences of N 
pulses of said second clock signal 
(BURST_CLOCK) output at each enablement 40 
of said first end-computation signal (C1), 

a fourth multiplexer (MUX_3) fed with said first 
data signal (S1 ) and with said second data sig- 
nal (S2) and outputting a third data signal (BC) « 
corresponding 

to said first data signal (S1) or to said second 
data signal (S2) depending on said switching 
signal (T). so 



55 
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